Abutilon indicum (Malvaceae), which is commonly known as Thuthi (the vernacular name in Tamil), is distributed throughout the driest areas in India (Chopra et al., 1992) . It is well known and reputable in the Tamil traditional medicinal system called Siddha as a phytotherapeutic agent against various illnesses such as jaundice, piles, ulcers and leprosy (Yoganarasimhan, 2000) . It is also reported to possess effective analgesic activity; a study by Ahmed et al. (2000) indicated that an 80% ethanol root extract of A. indicum had a potential effect against A. aegypti and guppy fish (Promsiri et al., 2006) . The larvicidal activity of crude hexane, ethyl acetate, petroleum ether, acetone, and methanol extracts of A. indicum, Aegle marmelos, Euphorbia thymifolia, Jatropha gossypifolia and Solanum torvum were evaluated (Rahuman, 2008) . Although Hyptis suaveolens is a native plant of tropical America, it is also widespread in tropical Africa, Asia and Australia. It grows under a wide range of soil and climatic conditions, mainly in warm areas of the country.
H. suaveolens is also administered as a traditional medicine for treatment of various ailments, and its essential oil possesses insecticidal and larvicidal properties (Peerzada, 1997; Azevedo et al., 2001) . In Nigeria, ethanol extracts of orange peel (Citrus sinensis) and bush tea leaves of H. suaveolens were compared for their toxicity against A. aegypti (Amusan et al., 2005) . It has been reported that H. suaveolens extract causes notable mortality of A. aegypti larvae because the extract also contained insecticidal compounds such as a-tepinoline, a monoterpene that is similar in action to d-limonone, which is present in C. sinensis.
Leucas aspera (Labiatae) is a small herbaceous plant. It is commonly administered as an antipyretic herb in South India. The juice of its leaves is used for psoriasis and swellings as an external application. The plant extract mixed with honey is a good remedy for stomach pain and indigestion. Preliminary chemical examination of L. aspera revealed the presence of triterpenoids (Kamar & Singh, 1994) . The whole plant is reported to contain oleanolic acid, ursolic acid, and 3-itosterol (Chaudhury & Ghosh, 1969) . Aerial parts are reported to contain nicotine (Mangathayaru et al., 2006) . The flower is reported to contain ten compounds, among them amyl propionate (15.2%) and isoamyl propionate (14.4%), which were dominant (Kalachaveedu et al., 2006) . L. aspera leaves are used as an insecticide and mosquito repellent in rural areas (Kiritikar and Basu, 1990; Sadhu et al., 2003) . The hexane crude extracts of L. aspera showed high larvicidal activity against C. quinquefasciatus and A. aegypti (Maheswaran et al., 2008; Kovendan et al., 2012b) . The aim of the present investigation was to determine the effect of A. indicum, H. suaveolens and L. aspera leaf extracts against third-stage larvae of A. culicifacies as a target species.
Materials and methods

Collection and rearing of mosquitoes
Larvae of A. culicifacies were collected from Kallar village, near Mettupalayam, Tamil Nadu, in different breeding habitats in using an O type brush. The mosquito larvae were fed with pedigree dog biscuits and yeast in a 3:1 ratio. Feeding was continued until the larvae transformed into the pupal stage. The pupae were collected from the culture trays using a dipper and transferred to plastic containers (12×12 cm) containing 500 mL of water. The plastic jars were kept in a 90×90×90cm mosquito cage for adult emergence. Mosquito larvae were maintained at 27+2°C, 75-85% relative humidity, under a photoperiod of 14:10 (light/dark). A 10% sugar solution was provided for a period of 3 days before blood feeding. The adult female mosquitoes were allowed to feed on the blood of a rabbit (one rabbit per day, exposed on the dorsal side) for 2 days to ensure adequate blood feeding for 5 days. After blood feeding, enamel trays with water from the culture trays were placed in the cage as oviposition substrates.
Collection of plants and preparation of plant extracts
The selected medicinal plants were collected in and around Maruthamalai hills and Bharathiar University Campus, Coimbatore, Tamil Nadu. The fresh aerial part of A. indicum, and fresh leaves of H. suaveolens and L. aspera were washed thoroughly with tap water and shade dried at room temperature (28±2°C) for 5 to 12 days. The airdried materials were powdered separately using a commercial electric blender. From each plant, 300 g of powdered material was macerated with 1.0 L of hexane, diethyl ether, ethyl acetate and acetone, sequentially, for a period of 72 h each and filtered. The yield of the A. indicum, H. suaveolens and L. aspera crude extracts with hexane, diethyl ether, ethyl acetate and acetone, were: A. indicum 8. 94, 10.15, 9.36 and 11.55 g and H. suaveolens 8.12, 9,66, 10.47, and 9.73 g and L. aspera 11.12, 8.29, 9.34 and 10 .13 g, respectively. The extracts were concentrated at a reduced temperature on a rotary vacuum evaporator and stored at a temperature of 4°C. One gram of the plant residue was dissolved in 100 mL of acetone, which was considered as a 1% stock solution, from which concentrations were prepared ranging from 250, 500, 750 and 1000 ppm, respectively.
Larval toxicity test
Larvicidal activity was assessed using the procedure of WHO (1996) with slight modifications. A laboratory colony of A. culicifacies larvae was used for the larvicidal activity. Twenty-five third-instar larvae of A. culicifiacies were kept in 250-mL glass containers, containing 200 mL of dechlorinated water. Five replicates were set up for each concentration (250, 500, 750, 1000 ppm) and mixed with acetone and Triton-80 (mixing solution). Larval mortality was assessed at 24, 48 and 72 h. Each experiment was replicated 3 times at room temperature (28±2°C) for three different plants. The control mortalities were corrected by using Abbott's formula (Abbott, 1925) . The lethal concentrations (LC) at 50% and 90% were calculated from toxicity data using probit analysis (Finney, 1971 ).
Statistical analysis
The average larval mortality data were subjected to probit analysis for calculating LC50 and LC90, and other statistics at a 95% upper fiducidal limit and lower fiducidal limit, and chi-square values were calculated using SPSS 9.0 version (Statistical software package; StataCorp., College Station, TX, USA). Results at P<0.05 were considered to be statistically significant.
Results
Preliminary screening is a good means of evaluating the potential larvicidal activity of crude plant extracts, which is often assessed using different solvent extracts. Mortality from the three plants tested is presented in Tables 1-3 respectively (Table 2) . Finally, for L. aspera, mortality at 24 h from these same extracts ranged from 31.12, 44.50, 46.66, and 49.15% at 250 ppm, to 74.18, 75.27, 87.55 and 89 .26% at 1000 ppm, respectively (Table 3) . We observed correspondingly higher larval mortality from these extracts at higher concentrations after 48 and 72 h, respectively (Tables 2 and 3) . The LC50 and LC90 values of hexane, diethyl ether, ethyl acetate and acetone extracts of A. indicum, H. suaveolens and L. aspera at 24 were as follows: A. indicum, LC50=1031.65, 949.18, 833.58 and 673.68 ppm; and LC90=2215.87, 2234 .39, 2152 .97 and 2455 and LC90=1431.91, 1292 .15, 1138 .49 and 1049 and LC90=1400.80, 1549 and LC90=1400.80, .31, 1157 and LC90=1400.80, .96 and 1108 .72 ppm at 24 h, respectively (Tables 1-3 ).
Discussion
A. culicifacies is one of the major malaria vectors in the Indian subcontinent and is generally regarded as intolerant to salinity, preferring to breed in newly-dug freshwater pits, domestic wells and sites used for plantings of coconuts and casurina trees in India (Russell & Rao, 1942; Sabesan et al., 1986) . Ansari et al. (2000) suggested that the peppermint oil (Mentha piperita) showed strong repellent action against adult mosquitoes when applied on human skin. The protection obtained against A. annularis, A. culicifacies, and C. quinquefasciatus was 100, 92.3, and 84.5%, respectively. The present investigation tested three plant leaf extracts in different solvents for their potential larvicidal activity against A. culicifacies. The biological activity of the experimental plant extracts varied, which may be due to the presence of various phytochemically active compounds in the plants, including phenolics, terpenoides, flavonoids and alkaloids. These active principles may have jointly or independently influenced or contributed to produce larvicidal effects against A. culicifacies.
Sharma & Ansari (1994) demonstrated the protective effect of Cyperus rotundus against A. culicifacies, A. stephensi and C. quinquefasciatus, and showed greater protection than neem oil (37.5%). Sharma et al. (1995) , reported that the crude extract of Solanum nigram leaves showed significant larvicidal activity against A. culcifacies, C. quinquefasciatus and A. aegypti at a dose equivalent to the LC90, ranging from 0.18 to 0.21% (Singh et al., 2002) . The present results concur with some of the previous findings of A. indicum against the third instar larvae of A. culicifacies, with LC50 and LC90 values of hexane, diethyl ether, ethyl acetate and acetone extracts of (LC50) 1031. 65, 949.18, 833.58 and 673.68 ppm, and (LC90) 2215 65, 949.18, 833.58 and 673.68 ppm, and (LC90) .87, 2234 65, 949.18, 833.58 and 673.68 ppm, and (LC90) .39, 2152 65, 949.18, 833.58 and 673.68 ppm, and (LC90) .97 and 2455 .10 ppm at 24 h, respectively.
One study reported that the lethal concentration values of the aqueous extract of roots of H. abelmoschus against the larvae of A. culicifacies, A. stephensi, and C. quinquefasciatus were 52.3, 52.6, and 43.8 ppm, respectively (Dua et al., 2006) 
